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Rhodacyanine dye3 and several analogous delocalized lipophilic cations (DLCs) were synthesized 
and evaluated as novel antitumor agents. Rhodacyanine dye consists of two heteroaromatic 
rings such as thiazoles at both termini of the conjugate systems and 4-oxothiazolidine 
(rhodanine) in the middle of it. Compounds with such a unique double-conjugate structure 
were found to inhibit the growth of several tumor cell lines, such as colon carcinoma CX-1, 
and to exhibit relatively low toxicity against normal kidney cell line CV-1 (e.g., IC 5 o(CX-l) = 
50 nM, IC 50 (CV-1) = 17.3 //M; selectivity index = 346 for compound 5). These compounds 
were also found to be efficacious in the tumor-bearing nude mice model (e.g., against human 
melanoma LOX; T/C (%) = 168 for compound 5). Structural modifications on rhodacyanine, 
including deletion of a heteroaromatic ring involved in the merocyanine conjugate system and 
replacement of rhodanine with a structurally related moiety such as 4-oxoimidazolidine or 4-oxo- 
1,3-dithiolane, resulted in a loss of the selectivity and/or the activity. Our current structure- 
activity studies imply that the double-conjugate system with a rhodanine moiety is essential 
for the selective activity of rhodacyanine dyes, and we find this class of compounds as unique 
antitumor agent candidates. 



Introduction 

Mitochondria carry out most cellular oxidations and 
produce the animal cell's ATP. In mitochondria the 
energy available from combining oxygen with reactive 
electrons carried by NADH pumps out protons from the 
inner membrane, and the energy is thus stored in the 
electrochemical proton gradient which consists of a 
membrane potential and a pH gradient. The resultant 
transmembrane gradient is in turn used to synthesize 
ATP. ' The membrane potential has been monitored by 
organic compounds known as membrane potential sen- 
sitive probes. 1 " 3 These probes, most of which are the 
positively charged organic compounds, are taken into 
cells in response to the high negative charge in the 
mitochondria, where they can be toxic preferentially. 
Since, the membrane potential of the mitochondria 
in tumor cells is higher than that of normal cells, 
these compounds are accumulated in the tumor mito- 
chondria. 4 " 6 Therefore, cytotoxic .t electron-delocalized 
lipophilic cations (DLCs) are proposed to kill tumor cells 
selectively, and DLCs including rhodamine 123, 4-7 
dequalinium, 8 thiacarbocyanines, 9 * 10 and thiopyrylium 
AA-1 (Chart I) 11 have been explored as potential 
antitumor drugs. In spite of high potential as antitumor 
agents, none of them have met the criteria for clinical 
development, such as water solubility, stability, toxicity, 
and pharmacokinetics. 

In an effort to find novel DLCs, we have screened a 
wide variety of DLCs from the compound library at Fuji 
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Chart 1 




Dequalinium 




Thiacarbocyanine (S23) Thiopyrylium (AA-1) 

Photo Film Co., Ltd. which was developed for photo- 
graphic systems. Rhodacyanine dyes that were origi- 
nally studied as silver halide sensitizers showed high 
inhibitory effect in vitro on the growth of tumor cells. 
In this paper we focus on synthesis and evaluation of 
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Merocyanine Dye Cyanine Dye 

Figure 1. General formula of rhodacyanine dye and its 
component parts: merocyanine dye and cyanine dye. 
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*p-TsO* - p-CH 3 -C s H4-S0 3 ' 
a Reagents: (a) methyl p-toluenesulfonatc/aniaole; (b) 3-ethyl- 
4-oxothiazolidine-2-thione/NEt3/MeCN; (c) methyl p-toluene- 
sulfonata/DMF; (d) 3-ethyl-2-methylbenzothiazoli\un iodide/NEtjj/ 
MeCN. 

novel rhodacyanine dyes and their analogs to clarify 
structure-activity relationships. 

Chemistry 

Rhodacyanine dye consists of three rings, two het- 
eroaromatic rings and a central 4-oxothiazolidine (rhoda- 
nine), as represented in Figure 1. At the rhodanine 
moiety, two dye conjugate systems, neutral merocyanine 
with heteroaromatic ring A and cationic cyanine with 
heteroaromatic ring B, are integrated. In the present 
study, we synthesized two types of rhodacyanine dyes, 
( n = 0, n' = 0) and (n = 1, n' = 0) in Figure 1, according 
to the reported procedures 12 with some modifications. 
Typical synthesis examples are illustrated in Schemes 
1 and 2, respectively. In both cases, merocyanine dyes 
(3 and 8) were synthesized first followed by the conjuga- 
tion with cyanine units. 

N-Methylation of 2-(methylthio)benzothiazole (1) us- 
ing methyl p-toluenesulfonate gave 2, which was con- 



densed with 3-ethyl-4-oxothiazoUdine-2-thione to give 
merocyanine dye 3^fcMethylation of 3 was followed 
by the reaction o^^ethyl-2-methyibenzothiazolium 
iodide in the presence of triethyiamine to give a rhoda- 
cyanine dye (5). Other rhodacyanine dyes (n = 0, ri = 
0) were also synthesized in an analogous manner, and 
the results are summarized in Table 1. 

3-Ethyl-4-oxothiazolidine-2-thione (6) was reacted 
with l,3-diaza-l,3-diphenylpropene and then with acetic 
anhydride to give compound 7, which was condensed 
with 3-ethyl-2-metnymaphtho[l,2^trn^olinium iodide 
to give merocyanine dye 8. A rhodacyanine dye (10) was 
synthesized from merocyanine intermediate 8 under 
similar conditions as those for the synthesis of 5 from 
3. Other rhodacyanine (n = 1, n' = 0) dyes were also 
synthesized in an analogous manner, and the results 
axe summarized in Table 1. 

Because the rhodanine moiety is conjugated with two 
double bonds, there are several possible geometrical 
isomers around this moiety. However, our NMR studies 
suggested that these rhodacyanine dyes exist as a single 
isomer. As illustrated in Figures 2 and 3, X-ray 
crystallographic studies for compounds 32 and 33 
revealed that in the merocyanine unit N-substituents 
were situated on the opposite side of methine carbons, 
while in the cyanine unit N-substituents were sitting 
on the same side for both cases. As for the geometrical 
isomerism of the merocyanine moiety of 33, it was 
determined to be the s-trans configuration (Figure 3). 

For structure-activity studies, several DLC com- 
pounds analogous to rhodacyanines, including analogs 
whose heteroaromatic ring A was replaced with other 
moieties (13a,b, 14, 15, 23) and those whose rhodanine 
moiety was substituted with other structurally related 
moieties (20, 26, 28, 30), were synthesized. The results 
are summarized in Tables 2 and 3. 

Synthesis of cyanine dye 13b was accomplished by 
the reaction of 3-ethyl-2-methylbenzothiazolium iodide 
(11) with ethyl thiocyanate followed by the reaction of 
bromoacetic acid as illustrated in Scheme 3. 13 Treat- 
ment of 11 with phenyl thiocyanate gave iV-phenyl 
derivative 13a, which was converted to 14 and 15 by 
the reaction of l,3-diaza-l,3-diphenylpropene and 1,5- 
diaza-l,5-diphenyl-l,3-pentadiene, respectively. 

A rhodanine analog (20) was synthesized according 
to the reported procedures as illustrated in Scheme 
4. 14 - 15 Carbodithioate 16 u was treated with triethyl 
orthoformate and then 3-ethyl-2-methylbenzoxazolium 
iodide to give merocyanine dye 18, which was further 
converted to the target compound 20 under similar 
conditions as those for the synthesis of rhodacyanine 
dye 10. 

Other analogs of the rhodanine moiety (26 and 28) 
containing 4-oxoimidazolidine were synthesized by re- 
ported procedures similar to those for the synthesis of 
the corresponding rhodacyanine dye. 16 The other rhoda- 
nine analog (30) containing 4-oxo-l,3-dithiolane 16 and 
cyanine dyes (21 and 22) 10 were also synthesized by 
reported procedures, respectively. 

Biological Results and Discussion 

In Vitro Clonogenic Assay. The compounds syn- 
thesized here were evaluated for their inhibitory effects 
on the growth of human colon carcinoma cell (CX-1) and 
toxicity against normal epithelial cell (CV-1). In each 






10 



MeCN. 



Table 1. Structure of Rhodacyanine Dyes 
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case, the cells were incubated with a compound for 24 
h and then in compound-free medium for 2 weeks. The 
number of colonies was measured by a crystal violet- 
staining method, and the results are expressed as the 
IC50 value. 

Cyanine dyes such as thiacarbocyanine (S23) 9 and 
other DLCs 4 " 8 * 11 were reported to exhibit selective 
activity against carcinoma cells. In this study two 
cyanine dyes with different methine lengths, 21 (S23) 
and 22, showed high inhibitory effect on CX-1 with IC50 
values of 60 nM (Table 4). As a part of structure 
modifications of cyanine dyes in an attempt to find a 
novel class of DLCs with higher activity and selectivity, 
a methine unit of the cyanine dyes was replaced with a 
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Figure 2. X-ray-determined structure of rhodacyanine dye 
32. 

rhodanine moiety. The rhodacyanine dyes thus syn- 
thesized were found to be equipotent (5) or 1.6 times 
more potent (10) to their cyanine counterparts as 
depicted in Table 4. Another interesting finding about 
rhodacyanines in Table 4 is their low toxicity against 
CV-1 and the resulting high selectivity denned by 
IC 5 o(CV-lVIC 5 o(CX-l): they were more selective than 
the corresponding cyanines by 17-fold (5 vs 21) and 109- 
fold (10 vs 22). • 

To understand why rhodacyanine dyes have such a 
high activity specifically against tumor ceUs, our first 
structure-activity study focused on deletion or replace- 
ment of the heteroaromatic ring of the merocyanine 
conjugate system (ring A in Figure 1). Simple deletion 
of the ^ethylbeiizothiazolidene group of rhodacyanine 
5 led to a decrease of the activity by 26-fold (5 vs 13b 
in Table 5). Replacement with a cyclohexylidene group 
(23) resulted in further loss of activity. While com- 
pounds 13b and 23 still retain some moderate activities, 
it may be due to the delocalized cationic cyanine 
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Figure 3. X-ray-determined structure of rhodacyanine dye 
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Table 2. Structure of Rhodacyanine Dye Analogs 
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conjugate system (between rhodanine and ring B) in 
these compounds. The fact that relatively low selectiv- 
ity of these compounds (30 for 13b, 9 for 23) compared 
to a rhodacyanine (346 for 5) are within the same range 
for cyanine dyes 21 and 22 in Table 4 supports this 
hypothesis. The results of N-phenyl derivatives were 
quite similar to those of iV-ethyl derivatives (Table 5). 
Deletion (13a) or replacement (14, 15) of the benzothia- 
zolidene moiety of rhodacyanine 24 made the activity 
and selectivity as low as those for 13b and 23. In 
contrast, elongation of the methine unit between the A 
ring and rhodanine moiety in rhodacyanine dye (from 
i-0to/i = lin Figure 1) affected the quite selective 
activity of 24 only in a moderate way, and the resultant 



Table 3, Structure of Rhodacyanine Dye Analogs 
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a Reagents: (a) 12a-phenyl thiocyanate/NaHmiF, 12b-ethyl 
thiocyanate/pyridine/NEt 3 ; (b) 13a-bromoacetic acid/l-BuOH, 
13b-bromoacetic acid/acetic acid; (c) l,3-diaza-l,3-diphenyIpro^ 
penetethylene glycol; (d) l,5-diaza-l t 5-<iiphenyl.l ( 3-pentadiene-HCl 
salt/NEta/Nal/MeOH. 

compound 25 showed high activity and selectivity (IC 50 
against CX-1 = 60 nM, selectivity = 50). 

An attempt to measure the IC50 values for merocya- 
nine dyes such as 3 failed due to their poor solubility. 
In our preliminary experiments, however, they did not 
exhibit any appreciable activity at 3 /M. A comparison 
of 3 (merocyanine), 5 (rhodacyanine), and 13b (cyanine), 
together with other results in Table 5, led us to the 
hypothesis that the merocyanine conjugate system in 
rhodacyanine dyes enhanced moderate activity which 
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• Reagents: (a) CrKOEtb/AcjO; (b) 3n>tiiyl-2-methylbenzoxazouum iodide^Etj^tOH; (c) methyl p-toluenesulfonate; (d) 3^ethyl-2- 
methylbenzothiazolium iodide-HCi aalt/NEta/EtOH. 



Table 4. Clonogenic Assay of Rhodacyanine Dyes and Cyanine 
Dyes on Human Colon Carcinoma (CX-1) and Monkey Normal 
Kidney Epithelial Cells (CV-1) 
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Table 5. Clonogenic Assay of Rhodacyanine Dyes and Their 
Cyanine Dye Analogs 



IC50 C"M) 



compd 


CX-1 


CV-1 


ratio CV-l/CX-1 


5 


0.05 


17,3 


346 


24 


0.01 


2.2 


220 


25 


0.06 


3.0 


50 


13a 


2.3 


46.1 


20 


13b 


1.3 


38.9 


30 


14 


1.5 


1.5 


1 


15 


0.8 


9.8 


12 


23 


1.8 


16.2 


9 



arised from the cationic cyanine conjugate system in a 
selective manner. 

To obtain further insights into the role of the mero- 
cyanine conjugate system, we modified the structure of 
the rhodanine moiety. Replacement with 4-oxoimida- 
zolidine resulted in a decrease of the activity against 
CX-1 cells (5 vs 26, 27 vs 28 in Table 6). Compound 28 
was more toxic against CV-1 than the corresponding 
rhodacyanine 27 by 33-fold, resulting in the marked 
decrease of the selectivity (66-fold). Analysis of Table 
6 reveals that an analog with the 4-oxo- 1,3-dithiolan 
moiety (30) exhibited further decreased activity (>50 
times), while substitution with 5-oxothiazoline (20) 
made the activity only one-half that of the parent com- 
pound (29). Thus, our structure— activity studies so far 
concluded that the rhodanine moiety is indispensable 
for the quite high and selective activity for tumor cells. 



Table 6. Clonogenic Assay of Rhodacyanine Dyes and Their 
Analogs of the 4-Oxothiazolidine (Rhodanine) Moiety 
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Table 7. Clonogenic Assay on Four Human Cancer Cell Lines 0 
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° EJ, bladder carcinoma; LOX, melanoma; MCF-7, breast 
carcinoma; CRL1420, pancreatic carcinoma. 

Our physical chemistry studies including X-ray crys- 
tallography, absorption and NMR spectra, and molec- 
ular orbital calculations revealed that all three rings 
(A, B, rhodanine) were almost coplanar and that -t 
electrons delocalized throughout the molecule. This 
electron derealization across the two dye conjugate 
systems was partly indicated from a marked bathochro- 
mic shift of rhodacyanine 5 Wm^: 500.0 nm in methanol) 
compared to the partial structured merocyanine 3 
(A.msx> 428.0 nm in methanol) and cyanine 13b (Am**: 
390.4 nm in methanol). A molecular orbital calculation 
suggested that the p orbital of rhodanine's sulfur atom 
was involved in such an electron derealization, which 
was thought to be a key factor for the selective activity 
of rhodacyanine dyes against tumor cells. Further 
studies concerning the relationship between physical 
property and activity are in progress. 

Further in vitro studies of rhodacyanines 5, 31, 24, 
and 25 were conducted using four human tumor cell 
lines: EJ (human bladder carcinoma), LOX (human 
melanoma), MCF-7 (human breast carcinoma), and 
CRL-1420 (human pancreatic carcinoma). As sum- 
marized in Table 7, all the compounds showed high 
inhibitory activities against the cell lines with IC50 
values of 10—90 nM, suggesting that rhodacyanine dyes 
are potential medications for a wide spectrum of tumors. 
The highly water-soluble compound 31 (solubility > 10 
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by applying the Bartletf a, Dunnetfs, and ScheffetV^aT ^ COntrol and S™P determined 



mg/mL), which has an acetate anion and was prepared 
from the corresponding less soluble iodide 5 (solubility 
< 0.1 mg/mL) using an anion-exchange method, has 
similar IC 50 values to those for 5, which implies that 
the cation dye is the active component while the 
counteranion has little influence upon activities. 

In Vivo Antitumor Activities. Rhodacyanine dyes 
5, 31, 24, and 25 were evaluated for their inhibitory 
activities against the growth of human cell lines in the 
nude mice model. After intraperitoneal (ip) implanta- 
tion of 2 x 10 6 human melanoma LOX ceils (to which 
the compounds exhibited the highest activity in Table 
7), male Swiss nu/nu mice had a median survival time 
of 24 days. In contrast, mice that received ip adminis- 
tration of compound 5 at 5 mg/kg on days 1, 5, 8, 12, 
and 15 showed a median survival time of 40 days with 
tumor/control (T/C) = 168% (Table 8). Administration 
of other compounds with appropriately determined 
doses and schedules made the survival period similar 
or even longer: T/C = 156% (2 mg/kg) or 163% (4 mg/ 
kg) for 31, 183% for 24, 256% for 25. Compounds 5 and 
24 were also tested against human ovarian carcinoma 
OVCARIII, and both were found to be quite efficacious 
(T/C = 180% for 5, >300% for 24), and compound 24 in 
the human colon carcinoma CX-1 nude mice model 
displayed marked inhibition of tumor growth (tumor 
inhibition ratio (TI) = 42%). Thus simple anion ex- 
change had little influence upon in vivo antitumor 
efficacy and was a useful method to increase the water 
solubility which was an important criterion for clinical 
use. Any significant body weight loss was not obsesrved 
in these nude mice models, and also the acute toxicity 
(LD 50 , ip administration into ICR mice) of compound 31 
observed was over 30 mg/kg. 

Conclusion 

The results described in this study demonstrated that 
rhodacyanine dyes exhibited selective inhibitory activi- 
ties in vitro against the growth of several human cell 
lines over CV-1, an indicator cell for normal epithelial 
cells. They also displayed high-level efficacy against 
LOX and OVCARIII in vivo, with low toxicity. Structure- 
activity studies indicated that rhodanine was an indis- 
pensable moiety for the antitumor activity of rhodacy- 
anines, which was markedly improved from those of 
cyanines or other DLCs. This class of compounds is 
expected to be a novel antitumor agent and is being 



subjected to further extensive structure -activity stud- 
ies, results of which will be presented elsewhere. 

Experimental Section 

The l H-NMR spectra were recorded on a Bruker AMX-600, 
ARX-300, or AC-200 spectrometer with tetramethylsilane as 
internal standard. Chemical shifts are given in ppm, coupling 
coastanta are in hertz, and splitting patterns are designated 
as follows: s, singlet; brs, broad singlet; d, doublet; dd, doublet 
of doublets; t, triplet; q, quartet; m, multiplet; dd, doublet of 
doublets. Ultraviolet-visible (UV-vis) absorption spectra 
were recorded on a Shimadzu UV-260 spectrophotometer. Fast 
atom bombardment (FAB) mass spectra were determined with 
a JEOL DX303 mass spectrometer, and high-resolution mass 
spectrometry (HRMS) was recorded on a JEOL SX-102A mass 
spectrometer; electron ionization (EI) mass spectra were 
determined with a JEOL JMS-D300 instrument. Elemental 
analyses were performed on Yanagimoto MT-3 and Dionex 
2000i/SP instruments, and the results (C, H, N) were within 
=0.4% of theoretical values unless indicated otherwise. Cor- 
rect elemental analyses for most of the compounds could only 
be obtained by factoring in partial hydration of these organic 
salts. 

3-EthyM-(3-methylbeniothiazolin-2-yUdene)-4-oxothi- 
azolidine-2-thione (3). A mixture of 2-(methylthio)ben- 
zothiazole (1) (40.0 g, 220 mmol), methyl p-toluenesulfonate 
(61.5 g, 330 mmol), and anisole (56 mL) was stirred at 120- 
136 °C for 4 h. After the mixture was cooled to room 
temperature, 3^thyl^xothiazolidine-2-thione (6) (35.0 g, 220 
mmol) and acetonitrile (800 mL) were added. To this mixture 
was added triethylamine (36.4 g, 360 mmol) dropwise under 
15 °C with constant stirring and cooling, and the resulting 
mixture was stirred at 10 °C for 4 h. The yellow precipitate 
was collected and washed with acetonitrile (40 mL) and then 
with methanol (140 mL). The crude product thus obtained 
was suspended in acetone (210 mL) and methanol (420 mL), 
and the mixture was stirred under reflux for 15 min. After 
cooling to 25 *C, the precipitate was collected and washed with 
methanol (140 mL) to give 3 (59.0 g, 87.0%) as yellow 
crystals: UV-vis (MeOH) 428.0 nm (e 6.62 x 10 4 ); 1 H- 
NMR (DMSO-<f 6 ) 6 1.20 (t, J = 7.2 Hz, 3H), 3.98 (s, 3H), 4.10 
(q, J = 7.2 Hz, 2H), 7.35 (t, J = 8.0 Hz, 1H), 7.52 (t, J = 8.0 
Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H); MS 
(EI)m/z 308. Anal. (C l3 H 12 N 2 OS 3 ) C, H, N, S. 

3-Ethyl-5-(3-methylberizothiazolin-2.ylidene)-2-(meth- 
ylthio)^4-oxothiazolinium p-Toluenesulfonate (4). A mi*- 
tare of 3 (58.0 g, 188 mmol), methyl p-toluenesulfonate (105.0 
g, 564 mmol), and N^-dimethylformamide (58 mL) was stirred 
at 130-145 3 C for 2.5 h. After the mixture cooled to 95 °C, 
acetone (500 mL) was added. The mixture was further cooled 
to 25 °C with constant stirring, and the precipitate formed was 
collected and washed with acetone (150 mL). The crude 
product thus obtained was suspended in acetone (400 mL), and 
the mixture was stirred under reflux for 15 min After cooling 
to 25 °C, the precipitate was collected and washed with acetone 



(150 mL) to give 4 (86.5 g, 93.0%) as orange crystals: UV-vis 
' (MeOH) X mu 420.7 am (< 3.68 x lGflfcH-NMR (DMSO^fe) 

6 r L3 , 3 o ( ^/ = 7 2 Hz ' 3H) < 2 27 < 8 ' 3 W-05 (s, 3H). 4.17 <q, 
«/ = 7.2 Hz, 2H), 4.24 (s, 3H), 7.10 (d, J = 8.9 Hz. 2H), 7.46 
(d f J = 8.9 Hz t 2H), 7.52 (dd, J = 8.0, 8.0 Hz, 1H), 7.70 (dd, J 
= 8.0, 8.0 Hz, 1H). 8.00 (d, J = 8.0 Hz, 1H), 8.18 (d, «/ = 

JmSa^J 1 ^^* Z^™* for CuH l5 N 2 OS, mlz 
J^J, (r AB tnethanolamine) for C7H7O3S mlz 171. Anal. 
(C 2 iHoN 2 0 4 S4-0.3HaO) C, H, N, S. 

3-Ethyl-2-[[3^thyl^(3-ni£thyIbeira 

4.Mothiazoiidin-2-yUdenelmethyl]benzothiazoUum Io- 
dide (5). To a mixture of 4 (24.7 g, 50 mmol) and 3-ethyl-2- 
methylbenzothiazoUum iodide (15.3 g, 50 mmol) in acetonitrile 
(250 mL) was added triethylamine (15.2 g, 150 mmol) dropwise 
at 70 °C, and the mixture was stirred for 1.5 h at the same 
tempetature. To the reaction mixture was added ethyl acetate 
(250 mL), and the mixture was cooled to 30 °C with constant 
stirring. The orange precipitate was collected and washed 
with ethyl acetate (125 mL). The crude product thus obtained 
was dissolved in methanol (80 mL), and then to this solution 
was added ethyl acetate (250 mL) at 50°C with constant 
stirring. The precipitate was collected and washed with ethyl 
acetate (110 mL) to give 5 (14.5 g, 50.0%) as orange crystals: 
UV-vis (MeOH) a m 500.0 nm (* 7.49 x 10*)- l H-NMR 
(DMSO-<f 6 ) 6 1.28 (t, J = 7. 1 Hz, 3H) t 1.38 (t, J = 7.'l Hz 3H) 
4.22 (s, 3H), 4.30 (q, J = 7.2 Hz, 2H), 4.71 (q, J = 7.2 Hz' 2H)' 
6.69 (s, 1H), 7.36 (t, J = 7.8 Hz, 1H\ 7.52-7.58 (m, 2H) 7 70- 
7.79 (m, 2H) % 7.94-7.98 (m, 2H), 8.26 (d, J = 7.2 Hz, 1H); MS 
(FAB + , nitro benzyl alcohol) for C23H22N3OS3 mlz 452, (FAB", 
glycerine) for I mlz 127. Anal. (C^^INaOSa-l.SHaO) C H 
I, N, S. * * 

5-[(A^-Acetyl-iV-phenyiamino)methylidene]-3-€thyl-4- 
oxothiazolidine-2-thione (7). To a solution of 3-ethyl-4- 
oxothiazolidine-2-thione (6) (25.0 g, 155 mmol) in li groin (145 
mL) was added l,3-diaza-l,3-diphenylpropene (32.5 g, 166 
mmol), and the mixture was stirred at 70 °C for 1 h. After 
cooling to room temperature, the precipitate was collected and 
washed with acetone (100 mL) to give 3-ethyl-4-oxo-5-[(phe- 
nylaimno)met^yhdene]tmazoline-2-thione (45.0 g). This prod- 
uct was mixed with acetic anhydride (110 g, 1080 mmol) and 
triethylamine (0.18 g, 2 mmol), and the mixture was stirred 
at 110 °C for 30 min. The reaction mixture was concentrated 
to about one-half volume under reduced pressure. To this 
residue was added methanol (225 mL), and the mixture was 
stirred at 10 °C for 1 h. The precipitate formed was collected 
and washed with methanol (100 mL) to give 7 (37.0 g, 77.9%) 
as yellow crystals: l H-NMR (DMSO-cW <5 1.08 (t, J = 7 2 Hz 
3H), 2.02 (s, 3H) t 3.95 (q, J = 7.2 Hz, 2H), 7.47-7.57 (m, 2H), 
7.59-7.72 (m, 3H), 8.47 (s, 1H); MS (EI) mlz 306. Anal. 
(CuHx^NaOaSa) C, H, N, S. 

3-Ethyl-5.[2-(3-ethylnaphtho[l,2-d]thiazolin-2.yI- 
idene)ethylidene]-4-oxothiazolidine-2-thione (8). A mix- 
ture of 7 (29.8 g, 97 mmol), 3-ethyl-2-methylnaphtho[l,2-<£]- 
thiazoliniump-toluenesulfonate (38.8 g, 97 mmol), and acetic 
anhydride (14.2 g t 140 mmol) in acetonitrile (1000 mL) was 
stirred at 50 °C for 1 h. To this was added triethylamine (36.3 
g, 359 mmol) at 50 °C, and the mixture was stirred for an 
additional 4 h at 60 °C. After cooling to 25 °C t the precipitate 
formed was collected and washed with acetonitrile (250 mL). 
The crude product thus obtained was suspended in methanol 
(750 mL), and the mixture was stirred under reflux for 1 h. 
After cooling to 25 °C, the precipitate was collected to give 8 
(27.4 g, 70.7%) as purple-red crystals: ^-NMR (DMSO-d € ) 6 
1.16 (t, J = 7.2 Hz, 3H), 1.59 (t, J = 7.2 Hz, 3H), 4.04 (q, J = 
7.2 Hz, 2H), 4.66 (q, J = 7.2 Hz, 2H), 5.58 (d, J = 13.2 Hz, 
1H), 7.54-7.69 (m, 3H), 7.85-7.93 (m, 2H), 8.08 (d, J = 9.0 
Hz, 1H), 8.46 (d, J = 9.0 Hz, 1H); MS (HRMS) for C^eNr 
OS 3 calcd 398.0581, found 398.0572. Anal. (CaoH^OSa) C, 
H; N: calcd, 24.13; found, 24.58. 

3-Ethyl-2-[[3^tliyl^[2.(3^thylnaphtlio[l></lthiazouii- 
2*yUdene)ethyUdene]^-oxotMazolidin-2-ylidene]meth- 
yl]naphtho[l,2-<f|thiazoliuxn p-Toluenesulfonate (10). A 
mixture of 8 (14.5 g, 36 mmol) and methyl p-toluenesulfonate 
(20.2 g, 109 mmol) in N^-dimethylfonnamide (35 mL) and 
toluene ( 13 mL) was stirred at 1 15 °C for 6 h. To the mixture 
was added 3-ethyl-2-methylnaphthoU.2^tmazolinium p-tolu- 



enesulfonate (14.7 g^6 mmol) in acetonitrile (1080 mL). To 
this was added trie^^kmine ( 11.0 g, 109 mmol) at 75 °C, and 
the resulting mixtuSKas stirred at 75 °C for an additional 1 
h and then cooled to 30 °C. The precipitate formed was 
collected and washed with acetonitrile (300 mL). The crude 
product thus obtained was suspended in methanol (720 mL) 
and the mixture was stirred under reflux for 1 h. After cooling 
to 25 °C, the precipitate was collected and washed with 
acetonitrile (300 mL). Compound 10 (20.4 g, 74.1%) was 
obtained as green crystals: UV-vis (MeOH) 1^ 620.0 nm (c 
1.00 x 10 5 ); l H-NMR (DMSO^s) d 1.28 (t, J = 7.2 Hz, 3H) 
1.65-1.72 (m, 6H), 2.29 (s, 3H), 4.17 (q, «/= 7.2 Hz, 2H) 4 72 
(q, J = 7.2 Hz, 2H), 4.98 (q 1 J= 7.2 Hz, 2H), 6.02 (d, J = 12 9 
Hz, 1H), 6.62 (s, 1H), 7.05-7.82 (m, 12H), 7.97 (d, J = 8.4 Hz, 
1H), 8.03-8.12 (m, 2H), 8.30 (d, J = 8.4 Hz, 1H) ( 8.52 (d, J = 
8.4 Hz, 1H); MS (FAB\ nitrobenzyl alcohol) for CjJI^OSj 
mlz 592, (FAB", nitrobenzyl alcohol) for C7H7O3S mlz 171- 
HUMS (FAB") for C34H30N3OS3 calcd 592.1551, found 592.1561 
Anal. (C 4 iH37N 3 04S4-2.7H20) C, N, S; H: calcd, 5.26; found! 
4.84. 

3-Ethyl.2.[[0V-phenylamino)thiocarbonyl]methyl]- 
benzothiazolium Iodide (12a). To a suspension of sodium 
hydride (36.0 g, 1.5 mol) in tetrahydrofuran (1.1 L) was added 
3-ethyl-2-methylbenzothiazolium iodide (11) (154.1 g, 0.5 mol) 
in a small portion at room temperature. To this was added 
dropwise a solution of phenyl thiocyanate (68.9 g, 0.5 mol) in 
tetxahydrofuran over a period of 1 h at 20-30 °C, and the 
resulting mixture was stirred under reflux for 30 mir> The 
solvent was evaporated, and to the residue was added water 
(500 mL) dropwise under 10 °C. The precipitate formed was 
collected and washed with water (500 mL) to give 12a (131.3 
g, 84.0%) as yellow crystals. Compound 12a was used for the 
next step without further purification. 

3-Ethyl-2-[(3-phenyl-4H>xothiazoUdin-2-ylidene)meth- 
yljbenzothiazolium Bromide (13a). A mixture of com- 
pound 12a (11.0 g, 35 mmol) and bromoacetic acid (11.0 g, 79 
mmol) in 1-butanol (22 mL) was stirred at 100 °C for 10 min 
After cooling to room temperature, to the mixture was added 
diethyl ether (100 mL). The precipitate formed was collected 
and washed with diethyl ether (50 mL) to give the crude 
product, which was recrystallized from methanol (75 mL) to 
give 13a (10.9 g, 73.0%) as brown crystals: UV-vis (MeOH) 
X^ 377.8 nm (c 3.70 x 10 4 ); ^-NMR (DMSO-<f 6 ) 6 1.13 (t, J 
= 7.2 Hz, 3H), 4.29 (q, J = 7.2 Hz, 2H), 4.58 (s, 2H), 5.97 (s, 
1H), 7.52 (dd, J= 7.5, 1.5 Hz, 2H), 7.63-7.75 (m, 4H), 7.79 (t, 
J = 7.2 Hz, 1H), 8. 11 (d, J = 7.9 Hz, 1H), 8.41 (d, J = 7.9 Hz, 
1H); MS (FAB + , glycerine) for C l9 HnN 2 OS2 mlz 353, (FAB", 
glycerine) for Br mlz 79, 81. Anal. (Ci 9 Hi7BrN 2 0cVl.lH 2 0) 
C, H, Br, N, S. 

3-Ethyl-2.[[(AT.ethylanaino)thiocarbonyl]methyl]- 
benzothiazolium Iodide (12b). A solution of 3-ethyl-2- 
methylbenzothiazolium iodide (11) (36.0 g, 118 mmol) and 
triethylamine (4.4 g ( 43 mmol) in pyridine (60 mL) was stirred 
at 110 °C for 20 min, and then the reaction mixture was poured 
into water (2000 mL). The precipitate formed was collected 
to give 12b (19.0 g, 60.9%) as purple crystals. Compound 12a 
was used for the next step without further purification. 

3-Ethyl.2-[(3^thyl^xotliiazolidin-2-ylidene)methyl]- 
benzothiazoliuxn Bromide (13b). A solution of compound 
12b (6.0 g, 23 mmol) and bromoacetic acid (6.0 g, 43 mmol) in 
acetic acid (20 mL) was stirred at 90 °C for 5 min. After the 
mixture cooled to room temperature, diethyl ether (30 mL) was 
added The precipitate formed was collected and washed with 
diethyl ether (20 mL) to give the crude product, which was 
recrystallized from methanol (350 mL) to give 13b (5.6 g, 
77.1%) as yeUow crystals: UV-vis (MeOH) X mtx 390.4 nm (t 
4.20 x 10*); l H-NMR (DMS0^ 6 ) 6 1.29 (t, J = 7.2 Hz, 3H), 
1.39 (t, J = 7.2 Hz, 3H) r 4.09 (q, J = 7.2 Hz, 2H), 4.45 (s, 2H), 
4.86 (q, J = 7.2 Hz, 2H), 6.82 (s ( 1H) ( 7.67 (t, J = 7.5 Hz, 1H). 
7.82 (t, J = 7.5 Hz, 1H), 8.15 (d, J = 7.9 Hz, 1H), 8.39 (d t J = 
7.9 Hz, 1H); MS (FAB+, glycerine) for C l5 Hi 7 N 2 OS2 mlz 305, 
(FAB", glycerine) for Br mlz 79, 81. Anal. (CijHnBrNr 
OSr0.7H 2 O) C, H, Br, N, S. 

3-Ethyl.2-[(3.phenyl-5-(uV.phenylamino)methylidene]- 
4^xothiazoUdin-2^yUdene]methyI]benzothiazolium Bro- 
mide (14). A mixture of 13a (13.0 g, 30 mmol) and 1,3-diaza- 



mL) was stirred at 80 °C for 30 min. After cooling to room 
temperature, to this mixture was added diethyl ether (30 mL). 
and the precipitate formed waa col A. The crude product 
thus obtained was suspended in 2-pr3Pmol (60 mL) and stirred 
at room temperature for 10 min. The precipitate was collected 
and washed with isopropyl alcohol (30 mL) to give 14 (18 0 e 
quantitative) as yellow crystals: UV-vis (MeOffi X 480 3 

I» 8 m rd m / 3 - H 7 , - 7 w 53 "7^ 2 i m - 7H) - 8 06 (d - ' - ?i «i 

1H) 3.36 (d, J = 7.0 Hz. 1H). 8.46 (t, «/ = 7.5 Hz 1H) 11 01 

rr H R m ™ ' ^^ nzyl aJcohol) for Br «/* 79^81 Anal 
(CjsHaBrNjOSi-O.SHjO) C, H, Br. N S 

den e M-oxo^oUdin-2-yUdene]methyl]b«i«ottia2o. 
hum Iodide (15) A mixture of 13a (8.7 J 20 mmoO?£ 

?M m^«"f iP ^ ' l i?'i Pentadiene ^^ride salt (25.9 g, 
and tnethylamine (13.0 g, 128 mmol) in methanol 

SUfpS* WM " 50 °° f0r 20 ^ the mixture 

fml T m tem ,f era ^ ure - * solution of sodium iodide (9.0 

m r^ 0 ' (45 mL) waa added " ^ Precipitate 
formed was collected to give the crude product, which was 
suspended m ethanol ( 160 mL) and stirred at 50 «C for20 

(MeOHM d» g J 3 , e l as dark-green crystals: UV-vis 

1 13 T / - U 7 9 » 25/!, T^ 6 x 10<): '"-^ (DMSO^) 4 
l.l3(t,«/-7.2Hz, 3H), 4.22(q, «/=7 2Hz 2H) 5 flQ ff 7- 
12.0 Hz. 1H). 6.04 (s. 1H). 7.07 >£j = 7 ?R) (d ~I 

m) TMS ?Fr R 2H ' 8 - 3 ° -8 /f ( ^ 2H) ' 10 67 (d - / = Hz 
1H). MS (FAB*, glycerine) for C^H^NaC^ m/z 482. (FAB" 

vli1 2 T^' E ^!?^^.^ 0 ^- 2 - yUdene)etll y liden el-2-(eth. 

16(17 s ^rn°,^ Ua2 n lme U8) - T ° a soIution of carbodithioate 
-w m0l) m acetlc anhydride (80 mL) was added 

reriuxedl.5 h. After the acetic anhydride was evaporated to 

2L7m ^ W < ?? ft add ? d ^^yl-Z-methylbenzoxazo^um'iS 
dide (28.9 g. 0.10 mol) in ethanol (80 mL) and then triethy- 
lamme (18.6 g 0.18 mol). The resulting mixture wL Sed 

was LS^iSf 000,6(1 10 10 ^ ^ P««piUte formeJ 
eTS o£ r *™ ^ e o r0C yanine dye intermediate 18 (25.9 

Js^iiSsr 1 8 was ^ for ^ next step 

vitt^ (3 ,' E ^^^^^- 2 -y Udeae)eth y lid «ne]-2.(eth- 

yl^o).3.methyl ; 5-oxotbiazoliniu m p-Toluene8ulfonate 
(19). A mixture of compound 18 (24.9 g, 75 mmol) and methyl 
^ «eae S ulfo M te ( 44.7 g. 240 mmol) was stirred at 130 «C 

IdrfpH «^ , C °n lm r g 10 40 ° C ' to ^ reaetion were 
added ethanol (30 mL) and then diethyl ether (100 mL). The 

SB ^ f?" eCted * «* ve 19 (301 e, 77.4%): »H-NMR 
3m ?K } A K (t oi = 72 Hz ' 6H) ' 229 < 8 ' 3H). 3.92 (s. 

C„H v 'n^ '/ 1H ^^£„ (PAB • ^"benzyl alcohol) for 

n.t^r^^^l^^^^-^^^y^^^o^-Z-yUdc- 
^fc- hyl J dene T ] '!r oxothiazolidia - 2 -y li denemethyijben- 

m^°^ l°fi de (20K To a of 19 (10 * g. 20 

mmo and 3-ethyl-2-methylbenzothiazolium iodide (6 1 g 20 
mmo m ethanol (65 mL) was added triethylamine (2 6 g 26 
mmol) at room temperature, and the reaction mixture was 
refluxed for 30 min. After cooling to room temperature The 

v^ffi^" « UeCted ^ Washed etha «ol OO mLfto 
SnuSS, 63 ^ UV-vis (MeOW 574.1 nm (< 2 09 

J =72 S SS? 0 ^* 131 (t - J = 7 ' 2 Hz ' 3H), 1-34 (' 

, 7 7 2 2H) - 6 46 (s, 1H), 6.78 (d, «/ = 13.2 Hz IK) 7 29- 

(FA^; 4 ^ 7 - 6 ^ 7 n 69 (m ' 4H) ' 7 - 97 * •/ - 7?Hz. 1H); MS 
foM ™ f y fl™ e i ^ C^H^'O^ m lz 462. (FAB", glycerine^ 
for I mlz 12,. Anal. (CwH^N^-lftO) C. H I. N. a 



3-Ethyl-2.(3-(3^thylbenzothiarolin.2-vUde n e» i 
nyljbenzothiazolium Iodide (21). Thin ™~ ^P*" 

svnthesizedrrom^loenzothia^uniun^odiTa^^ T M 
orthoformate in pj^tne according to thTre^rl^ *l ethyl 
UV-via (M P fim ) crr^ 0 rZ*, ""^ported method: 'o 



MS (FAB*, nitrobenzyl atotol)' , fa? W ciH«M"*[' 8 ^ H); 
(FAB-. nitrobenzyl alcohol) for I %, 12T ^ L »*' 
INjSa'l.lHjO) C, H, I, N, S. " (C «* H »i- 

3 ;EthyN2.(3-cbJon>.5.(3^thyltiaphthofl^^thii««K 

^yhdene)-U-pentacUe ay l]xJphtio[l^'S2aSS^ 
Toluenesulfonate (22). This compound waT^tW^ 

LD-d J phenyl.l.3.pen^diene in pyridine in a manner bSJ^ 

9^ W^SSJJf 21: UV_vi8 (MeOH) ^ 68LoS^ 
2.42 x 10 s ); l H-NMR (DMS0^ 8 ) 6 1 66 (t 7 ?H,Tm 

2H? = 72 ^ ^nfeSi «. /- £9 6 £' 

2H), 7. 11 (d, J = 8.1 Hz, 2H), 7.48 (d. J = 8 1 Hz 2H) 7 s«w? 
2H) V, 0 ^ 17 = 7 5 2H >' 7 9oS> = 'J. 9 55 Hz t ; 

8 7 kl ^Hf-^In 1 ?' 2H) ' 8 03 - 8 11 ("». «), 8.42 (d. J = 
(FAB ' ^^oenzyl alcohol) for CH^IN^ 
? i % ( S A 5;; mtrobenz yl alcohol) for C ? H 7 0 3 S m/z in 
Anal (^HmCIN^Sj-I^O) C. H. CI. N. S. 
i 'It^^H^^^^y^^t^^li^-^yliden- 
fi" e ^y :«-a-^hylb««othiaw»Uiim p-Tolueneaulfonato 
£kJT C °™ poundwaa synthesized from 5-cyclohexyUdene- 
S-eUiyU^xothiazolKune^-thione and 3-ethyl-2-methylben. 
zothiazohurnp-toluenesulfonate in a manner analogous^ 
me Preparation of rhodacyanine dye 5: UV-vis (MeOHl 1 

Ti^jf? r 104)1 1H - NMR WC™6?2W°]l™. 
Hz, 3H), 1.52 (t, J = 7.1 Hz. 3H), 1.68-1.80 (m. 2H) 1 92- 

" ■ 6 ,^, H 4.33 (q, J = 7.1 Hz, 2H), 5.06 (q, «/ = 7 1 Hz 
?S Zi 10 r (d '/o = J- 8 ^ 2H) ' 719 (s - 1H >. 7.52-7.58 (m. lS' 

7 8 Hz' SSSaS 1 7 77 ^ J = ai HZ ' 1H) ' 8 -° 2 
m/z^85 ^PA^- ( ^1 ^trobeazyl alcohol) for CiH^OS, 
m/z 385, (FAB nitrobenzyl alcohol) for C 7 H 7 0,S m/z 171. 
Anal. (C2sHjjN 2 04S3-1H,0)C, H. N. S. 

3.Ethyl.2.[t3.phenyW.(3.methylben 2 othiazolin.2.yl. 

hump-Toluenesulfonate (24). This compound was synthe- 
sized ^ from ^-(methylthiojbenzothiazole and 4-oxo-3-phenylth- 
.azolidme-2-thione in a manner analogous to the preparation 
^°w3^ ^ 5: UV " vi3 ( Me OH) 501.0 „m (« 6 83 
3 X H! °K?^ l ™ S °^ )d 114 ^ J = 7-1 Hz, 3H), 2.28 J 

H ,m , i?" ^ 7 39 (t - J = 8 " 1 ^ 1H) - 7 -48 (d. J = 7.8 

Alri H)> 7 94 (d> 17 = 7 8 Hz ' 1H >. 7.98 (d, J = 7 8 Hz 1H) 
£hV£ 76 / H ^^ : ^ (FAB+ ' -trknWl aTcoTolS 
5 ^°a Z^S alcohol) for CrHTOaS 

found SODS 8 (FAB ^ C " WW8 ' 5 ° 00925 ' 

3.EAyl.2.[[^phen y l*[2-(3<thylbenzotWolin.2.yUde. 
ne)eth y lideneM ? xotbJa Z oUdin.2. y Udene)meth y l]ben- 
zothuizolium Iodide (25). This compound was synthesized 
from 3-ethyl.2-methylbenzothiazoliurnp-toluenesulfonate and 
4^xo.3-phenylthi M oUdine-2.thione in a manner analogous to 
the preparation of rhodacyanine dye 10: UV-vis (MeOH)x 

£ tm *r m j ^ (DMS0 ^ i^t f.T 

Hz 3H) 1^3 1 (t. J = 7.1 Hz. 3H). 4.19 (q, J = 7.1 Hz, 2H). 
mf Vft r ^ H) ' 5 " (S ' m) - 618 13.2 Hz 

7 2 Hz 1H - tV£%' 1H) ' u 7 - 45-7 - 95 (m « 12H) " 8 29 ( d - ^ = 
«# £J /p^I- ^ • nitroben ^yl alcohol) for CsoH^jO.S, 

ir H ^ TMn^o^ benzyl dcohol) for 1 127. AnLl 
(C3oH26lN 3 OiSr0.3H 2 O) C, H. I, N, S. 

2.[[U.Die^yl^.(3.meUiylb^niothiazolin.2.yUdene)-t. 
oxomud^ohdia.2.yUdenelineth y l]-3^th y lbenzothiazo- 
*V (26) ' u™ 3 com P°^d was synthesized from 
25methylthio)benzothiazole and l,3-diethyl-4^)xoimidazoU- 
°S^;^ U ° ne ? a B ma f lner analogous to the preparation of 

- 7.1 Hz, 3H). 1.35 (t. J = 7.1 Hz. 3H). 3.95 (q, J = 7.2 Hz, 
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2H) t 4.05 (s, 3H), 4.08 (q f J = 7.2 Hz, 2^L 42 (q t J = 7.2 Hz, 
2H), 5.88 (e, 1H), 7.36 (t, J = 8.0 Hz, L^P.44 (t, J = 8.0 Hz, 
1H), 7.54 (t, J = 8.0 Hz, 1H), 7.49-7.75 (m t 3H), 7.94 (d, J = 
7.5 Hz, 1H), 8.04 (d, J = 7.5 Hz, 1H); MS (FAB + , nitrobenzyl 
alcohol) for C1SH27N4OS3 m/z 463, (FAB", nitrobenzyl alcohol) 
for I m/z 127. Anal. (CuHhINaOSJ C, H, I, N, S. 

3-EthyU2-[[3^thyl^[2-(3-«thylxiaphtho[l t 2-</]thiazolin- 

2- y lidene)e thylidene] -4-oxothiazolidin-2-ylidene]meth- 
yl]naphtho(2 f l-</]thiazoliiim p-Toluenesulfonate (27). This 
compound was synthesized from 3-ethyl-2-methyl[l,2*<flnaph- 
thothiazolium p-toluenesulfonate and 3-ethyl-4-oxothiazoli- 
dine-2-thione in a manner analogous to the preparation of 
rhodacyanine dye 10: UV-vis (MeOH) A m 622.9 nm (* 1.07 
x 10 5 ); l H-NMR (DMSO-4 6 ) 6 1.27 (t, J = 6.9 Hz, 3H), 1.38 (t, 
J = 7.0 Hz, 3H), 1.72 (t, J = 6.9 Hz, 3H), 2.30 (s, 3H), 4.08 (q, 
J = 6.9 Hz, 2H), 4.52-4.70 (m, 4H), 5.94 (d, J = 13.2 Hz, 1H), 
6.39 (s, 1H), 6.77-6.88 (m, 2H), 7.14 (d, J = 8.1 Hz, 2H), 7.35- 
7.7.48 (m, 2H), 7.50-7.67 (m, 6H), 7.78-7.95 (m, 5H); MS 
(FAB 41 , nitrobenzyl alcohol) for C34H30N3OS3 m/z 592, (FAB", 
nitrobenzyl alcohol) for C 7 H 7 0 3 S m/z 171; HUMS (FAB + ) for 
C34H30N3OS3 calcd 592.1551, found, 592.1558. 

2- [[l,3-Diethyl^-[2-(3-ethylnaphtho[l^</]thiazolin-2. 
yUdene)ethyUdene]-4<>xoiniicla2oUdin-2.ylidenexQethyl]- 

3- ethylnaphtho(2,l</]thiazolium Iodide (28). This com- 
pound was synthesized from 3-ethyl-2-methyl[l,2-<f]naphtho- 
thiazolium p-toluenesulfonate and l,3-diethyl-4-oxoimidazo- 
lidine-2-thione in a manner analogous to the preparation of 
rhodacyanine dye 10: UV-vis (MeOH) U 606.3 nm U 1.04 
x 10 s ); l H-NMR (DMSO-<f 6 ) 6 1.23-1.30 (m, 6H), 1.38 (t, J = 
7.2 Hz, 3H), 1.74 (t, J = 7.2 Hz, 3H), 3.95 (q, J = 7.2 Hz, 2H), 
4.30 (q, J = 7.2 Hz, 2H), 4.41 (q, J = 7.2 Hz, 2H), 4.69 (t, J = 
7.2 Hz, 2H), 5.77 (s, 1H), 7.50-7.58 (m, 3H) t 7.62-7.84 (m, 
5H), 7.95-8.18 (m, 5H), 8.47 (1H, J= 8.5 Hz, 1H); MS (FAB + , 
nitrobenzyl alcohol) for C 3 $H3sIN40S2 m (z 603, (FAB", ni- 
trobenzyl alcohol) for I m/z 127. Anal. (C^^INiC^-l.S^O) 
C, H, I, N, S. 

3- Etiiyl.2.[[3-metiiyl.5-t2-(3^thylb€nzoxaj:olin-2-ylide- 
ne)ethyUdene]^oxothiazolidin-2-yiidene]methyl]ben- 
zothiazolium Iodide (29). This compound was synthesized 
from 3-ethyl-2-methylbenzoxazolium p-toluenesulfonate and 
3-methyl-4-oxotiuazoLidine-2-thione in a manner analogous to 
the preparation of rhodacyanine dye 10: UV-vis (MeOH) X^ 
564.3 nm (« 8.76 x 10<); ^-NMR (DMSO-^e) <5 1.33-1.43 (m, 
6H), 3.60 (s, 3H), 4.23 (q, J = 7.1 Hz, 2H), 4.72 (q, J = 7.1 Hz, 
2H), 5.62 (d, J = 13.2 Hz, 1H), 6.70 (s, 1H), 7.28-7.42 (m, 
2H), 7.53-7.75 (m, 4H), 7.96-8.08 (m, 2H), 8.24 (d, J = 7.2 
Hz, 1H); MS (FAB + , nitrobenzyl alcohol) for CvRzAH&^mtz 
462, (FAB", nitrobenzyl alcohol) for I m/z 127; HRMS (FAB 4 ") 
for C25H24N3O2S2 calcd 462.1310, found 462.1309. Anal. 
(CaHaJNaOaSr 1.75H 2 0) C, I, N, S; H: calcd, 4.46; found, 3.92. 

3-Ethyl.2-[[5-[2.(3-ethylbenzoxazolin-2-ylidene)eth- 
yUdene]^-oxo-l^-dithiolan-2-ylidenelmethyl]beiizothia- 
zolium iodide (30). This compound was synthesized accord- 
ing to the reported method 16 from 3-ethyl-2-methyl- 
benzothiazolinium iodide and carbon disulfide: UV-vis (MeOH) 
yw 586.8 nm U 6.54 x 10<); NMR studies (COSY and ROESY 
spectra (data are not shown)) revealed that compound 30 was 
a mixture (1:1) of geometrical isomers at the merocyanine 
moiety, WNMR (CDCl 3 :DMSO-d 6 = 3.5:1.5) (one isomer) 6 
1.47-1.55 (m, 6H), 4.33 (q, J = 7.2 Hz, 2H), 4.71-4.77 (m, 
2H), 5.54 (d, J = 13.5 Hz, 1H), 7.38 (dd, J = 7.6, 7.6 Hz, 1H), 
7.43 (dd, J = 7.6, 7.6 Hz, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.58 
(d, J = 7.6 Hz, 1H), 7.68 (dd, J = 7.6, 7.6 Hz, 1H), 7.83 (dd, J 
= 7.6, 7.6 Hz, 1H), 7.84 (s, 1H), 8.00 (d, J = 7.6 Hz, 1H), 8.17 
(d. J = 13.5 Hz, 1H), 8.25 (d, J = 7.6 Hz, 1H), (another isomer) 
6 1.47-1.55 (m, 6H), 4.25 (q, J = 7.2 Hz, 2H), 4.71-4.77 (m, 
2H), 5.39 (d, J = 13.5 Hz, 1H), 7.38 (dd, J = 7.6, 7.6 Hz, 1H), 
7.43 (dd, J = 7.6, 7.6 Hz, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.58 
(d, J = 7.6 Hz. 1H), 7.64 (dd, J = 7.6, 7.6 Hz, 1H), 7.67 (s, 
1H), 7.78 (dd, J = 7.6. 7.6 Hz, 1H), 7.95 (d, J = 7.6 Hz, 1H), 
8. 10 (d, J = 13.5 Hz, 1H), 8.20 (d, J = 7.6 Hz, 1H); MS (FAB + , 
nitrobenzyl alcohol) for C2JI21N2O2S3 m/z 465, (FAB~ ( 
nitrobenzyl alcohol) for I m/z 127; HRMS (FAB 4 ") for 
C24H21N2O2S3 calcd 465.0765, found 465.0765. Anal. (C24H21- 
IN 2 O c S3*1.5H 2 0) C, H, N, S; I: calcd, 20.48; found, 19.85. 

3-Etiiyl-2-[[3^thyl^(3-methylbeira 



4-oxo thiazolidin-2-^^kne] methyl] benzothiazolimn Ac- 
etate (31). A solutioWr 5 (4.2 g, 7 mmol) in a 0.1 M acetic 
acid solution (300 mL) of chloroform/methanol (1/2, v/v) was 
passed through the basic anion-exchange resin (about 120 mL, 
Diaion WA-21. acetate form), and the resin was washed with 
a 0.1 M acetic acid solution (200 mL) of methanol. The eluent 
was concentrated to about 50 mL, to which was added ethyl 
acetate (300 mL). The precipitate formed was collected and 
washed with ethyl acetate (50 mL) to give 31 (2.8 g, 67.4%) as 
orange crystals: UV-vis (MeOH) 501.2 nm U 6.88 x 10 4 )* 
l H-NMR(DMSO-d 6 )<5 1.26 (t, J = 7.1 Hz, 3H), 1.37 (t, J = 7 1 
Hz, 3H), 1.68 (s, 3H), 4.21 (s, 4.5H), 4.28 (q, J = 7.2 Hz, 2H) 
4.70 (q, J = 7.2 Hz, 2H), 6.67 (s, 1H), 7.33 (t, J = 7.7 Hz, IK) 
7.50 (q, J = 7.8 Hz, 2H), 7.71 (q, J = 8.5 Hz, 2H), 7.94 (d f J = 
8.1 Hz, 2H), 8.24 (d, J = 8.1 Hz, 1H); MS (FAB + , nitrobenzyl 
alcohol) for C2JH22N3OS3 m/z 452, (FAB~, nitrobenzyl alcohol) 
for C 2 H 3 02 m/z 59; HRMS (FAB + ) for C23H22N3OS3 calcd 
452.0925, found 452.0891. Anal. (C25H25N 3 0 3 S 3 -2.85H20- 
O.5C2H4O2) C, S; H: calcd, 5.56; found, 4.98. N: calcd, 7.09- 
found, 6.43. 

2- [[3-CycJohexyl-5-(3-methylbenzothiazolin-2-yUdene)- 
4-oxothiazolidin-2-ylidene]methyll-3-ethylbenzoxazoli- 
um Chloride (32). This compound was synthesized from 
2-(methylthio)benzothiazole and 4-oxo-3-cyclohexylthiazoli- 
dine-2-thione in a manner analogous to the preparation of 
rhodacyanine dye 5: UV-vis (MeOH) 488.1 nm (e 6.73 x 
10*); l H-NMR (DMSO^i 6 ) 6 1.24-1.90 (m, 10H), 4.18 (s, 3H) ( 
4.50 (q, J = 7.0 Hz, 2H), 4.60 (brs, 1H), 6.36 (s, 1H), 7.48 (dd, 
J = 7.8, 7.8 Hz, 1H), 7.48-7.61 (m, 3H), 7.79 (dd, J = 8.0, 8.0 
Hz, 2H), 7.98 (dd, J = 7.8, 7.8 Hz, 2H); MS (FAB + , nitrobenzyl 
alcohol) for C27H28N3O2S2 m/z 490, (FAB~, nitrobenzyl alcohol) 
for CI m/z 35. Anal. (C27H M C1N 3 02S2'2.5H20) C, H, CI, N, 
O, S. 

3- Ethyl-2-[[3-ethyl-o^[2-[3^thyl-o^(trifluoromethyl)ben- 
zothiaxolin-2-yUdene]ethylidene]-4-oxothiazoUdin-2- 
ylidene]znethyl]-4-methylthiazolium Iodide (33). This 
compound was synthesized from 3-ethyl-2-methyl-5-trifluo- 
robenzothiazolium p-toluenesulfonate and 3-methyl-4-oxothia- 
zolidine-2-thione in a manner analogous to the preparation of 
rhodacyanine dye 10: UV-vis (MeOH) Aou 559.2 nm (* 8.39 
x 10*); l H-NMR (CD3OD) 6 1.32 (t, J = 7.1 Hz, 3H), 1.40 (t, J 
= 7.1 Hz, 3H), 1.45 (t, J = 7.1 Hz, 3H), 2.53 (s, 3H), 4.14 (q, J 
= 7.1 Hz, 2H), 4.31 (q, J = 7.1 Hz, 2H), 4.46 (q, J = 7.2 Hz, 
2H), 5.87 (d, J = 12.5 Hz, 1H), 6.59 (s, 1H), 7.49 (s, 1H), 7.51 
(d, J = 8.9 Hz, 1H), 7.65 (s, 1H), 7.84 (d, J = 12.5 Hz, 1H), 
7.85 (d, J = 8.9 Hz, 1H); MS (FAB"", nitrobenzyl alcohol) for 
C24H25F3N3OS3 m /z 524, (FAB*, nitrobenzyl alcohol) for I m/z 
127; HRMS (FAB + ) for C24H25F3N3OS3 calcd 524.1112, found 
524.1108. Anal. (C24H2sF3lN30S3*2H20) H, F, N, S; C: calcd, 
4.25; found, 3.69. I: calcd, 18.46; found, 17.85. 

X-ray Structure Analysis of 32 and 33. Compounds 32 
and 33 were crystallized from ethanol and acetonitrile solu- 
tions, respectively. X-ray diffraction data were measured by 
a Rigaku AFC-5R instrument using Cu Ka radiation and a 
graphite monochromometer. Structures were determined by 
direct-method SHELXS86 and successive Fourier syntheses 
and refined by a full- matrix least-squares method. Full 
crystallographic details are available as Supporting Informa- 
tion. 

In Vitro Clonogenic Assay. CX-1 and CV-1 cell lines were 
grown in a 50:50 mix of Dulbecco's modified Eagle's medium 
(DMEM) and RPMI 1640 medium (GIBCO Laboratories, 
Grand Island, NY) supplemented with 10% calf serum (Hy- 
clone Laboratories Inc., Logan, UT) and antibiotics at 37 °C 
under 5% C0 2 , 95% air, and 100% humidity. CV-1 (normal 
African green monkey kidney) was obtained from the American 
Type Culture Collection (Rockville, MD), and CX-1 (human 
colon carcinoma) from Dr. M. Wolpert (National Cancer 
Institute). 

For the clonogenic assay, cells were seeded at 1500 cells/ 
wells for CX-1 and 1000 cells/wells for CV-1 in 96- well plates 
(Becton Dickinson Labware, Lincoln Park, NJ). The assay was 
performed in duplicate. The drugs were first dissolved in 
dimethyl sulfoxide, to prepare 10 mg/mL stock solutions. The 
final drug solution was made by miring 100 /iL of this stock 
solution with 10 mL of 5% CS DME media solution. On the 
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following day, cells were treated with te^kipoundfl at varied 
«n^*ons and cultured precisely fKh 
After rinsing, cells were incubated in drug-free medium for 2 
weeks. Colfnies were stained with 2% crystal violet in 70* 
ethanol and counted by an automated colony counter (Artek 
counter model 880, Dynatech Laboratories Ir^.OiantiUy VAJ. 

In Vivo Human Tumor Xenografts in Nude Mice. Male 
Swiss nu/nu mice (about 5 weeks old) were obtamed from 
Taconic Farm, Inc. (Germantown, NY). Group housing (5/cage) 
was provided in polycarbonate cages with a wire top and 
filters Mice were allowed to acclimate for 1 week prior to 
experiments. Only normal, healthy mice were used. Human 
melanoma LOX cells used in this model were first grown sc 
in nude mice. On the day of ip implantation, tumors were 
excised and a single cell suspension was prepared. RBCs were 
lysed by ammonium chloride. Each mouse received 2 x 10 
LOX cells (trypan blue-negative) in 0.2 mL of PBS by ip 
injection. Test compounds (0.2 ml/20 g of mouse body weight, 
45% encapsin HPB (hydroxypropyl ^^dodexlxm; American 
Maise-Products Co.) in water) were administered ip for LUX 
tumor-bearing mice with appropriately determined doses and 
schedules. Evaluation against human ovarian carcinoma 
OVCARm cells and human colon carcinoma CX-1 cells was 
performed in a manner analogous to the LOX ip tumor modeL 
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